INTRODUCTION {#sec1-1}
============

Quest is on for newer pulpal medicaments that are biocompatible and capable of healing the dental pulp by producing reparative dentin and/or dentinal bridge in response to various stimuli and surgical exposure. Collagen has a proven rate of success in the field of dentistry as guided tissue regeneration, root conditioning, hemostatic, and wound dressing agent. It has inherent properties like low immune response and toxicity, ability to promote cellular growth and attachment, homeostasis, and added advantage of antibiotic incorporation.\[[@ref1]\] Pulpotec is commercially available as resinous cement that contains polyoxymethylene, iodoform, dexamethasone acetate, formaldehyde, phenol, guaiacol, and excipient. Its mode of action is by cicatrization of the pulpal stump at the chamber-canal interface, while maintaining the structure of underlying pulp.\[[@ref2]\] So the purpose of present study was to evaluate the pulpal response to collagen particles impregnated in antibiotics (Biofil-AB™) and new commercially available cement (Pulpotec) that can be used as pulpal medicament.

MATERIALS AND METHODS {#sec1-2}
=====================

A randomized, controlled, prospective 2-year clinical study was done after obtaining the institutional ethical committee approval and an informed written consent from the parents was attained. A sample of 40 teeth from 20 children in the age group of 7-10 years without sex predilection, having bilaterally retained/primary teeth which were noncarious and having at least two-thirds of the root, and indicated for orthodontic extraction were enrolled in the study from the outpatients. Out of 20 children, five of them were excluded due to uncooperativeness. In the remaining 15 children, pulpotomy procedure was carried out on 15 teeth with collagen particles, (Biofil-AB™, Eucare Pharmaceuticals Pvt. Ltd, Chennai, India) on right side (group I) and the rest with Pulpotec^R^ cement, (Produits Dentaires, SA, Vevey, Switzerland) on the left side (group II). The teeth were anesthetized and standard pulpotomy procedure was carried out under rubber dam isolation. For group I, collagen particles were mixed with saline into paste like consistency, carried into the pulp chamber and compressed using a damp cotton pellet; for group II, the constituents were mixed into putty-like consistency and were carried into the pulp chamber. The teeth were later restored with zinc oxide eugenol cement and finally with glass ionomer cement (GC Type IX™, GC Corporation, Japan). The patients were recalled after 7, 15, and 30 days time interval and five teeth in each group were extracted and subjected for decalcification procedure. Immediately after post extraction, the teeth were fixed in 10% formalin for 48 h and placed in 10% nitric acid solution till the specimens were completely decalcified. After processing, these specimens were embedded in paraffin wax and sections of 5 μm thickness were obtained using soft tissue microtome which were further stained using hematoxylin and eosin solutions.\[[@ref3][@ref4]\] Two samples in each time interval (7, 15, and 30 days) from both the groups were discarded due to procedural or processing errors. The remaining sections were examined under research microscope and digital photomicrographs were obtained under × 40 and × 100 magnifications. The photographs were evaluated using the histological evaluation criteria given by Barbosa *et al*.\[[@ref5]\] \[[Table 1](#T1){ref-type="table"}\]. To avoid bias, the findings were reevaluated by two oral pathologists who were unaware of the study design. The scoring thus obtained were tabulated \[[Table 2](#T2){ref-type="table"}\] and subjected to statistical analysis.

###### 

Histological evaluation criteria used in the study
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The absolute values for inflammatory cell response, soft tissue organization, and dentin bridge formation

![](JCD-16-434-g002)

RESULTS {#sec1-3}
=======

Group I (collagen): After 7 days interval, the specimens showed moderate diffuse chronic inflammatory cells and numerous blood vessels with extravasated red blood corpuscles (RBCs) and obliteration of\` odontoblastic layer was observed along the dentinal surface \[[Figure 1a](#F1){ref-type="fig"}\]. At 15 days, the pulp tissue was accompanied by large quantity of extravasated erythrocytes and a large number of newly formed blood vessels in all the samples \[[Figure 1b](#F1){ref-type="fig"}\] and severe inflammation within the pulp tissue was observed in two samples. At 30 days interval, there was disorganization of odontoblastic cell layer along the dentinal surface with no inflammatory cells in all the samples \[[Figure 1c](#F1){ref-type="fig"}\] and dentin bridge formation was observed in two of the specimens \[[Figure 1d](#F1){ref-type="fig"}\].

![(a) Group I (collagen) at 7 days interval showing moderate inflammation. (b) Group I at 15 days interval showing extravasated erythrocytes and more number of newly formed blood vessels. (c) Group I at 30 days interval showing no inflammation with odontoblastic layer disorganization. (d) Group I at 30 days interval showing dentinal bridge formation](JCD-16-434-g003){#F1}

Group II (Pulpotec): None of the specimens showed any signs of inflammation, \[[Figure 2a](#F2){ref-type="fig"}\] but there was a discontinuity in the odontoblastic layer lining along the dentin walls after 7 days \[[Figure 2b](#F2){ref-type="fig"}\]. At 14 days interval, pulp tissue showed moderate inflammation in two samples and a discontinuity in odontoblastic cell layer lining the dentinal walls was noted in all the samples. \[[Figure 2c](#F2){ref-type="fig"}\]. At 30 days interval, pulp tissue did not show any inflammatory changes and discontinuity in the odontoblastic layer lining the dentinal walls was observed in all the samples \[[Figure 2d](#F2){ref-type="fig"}\].

![(a) Group II (Pulpotec) at 7 days interval showing no inflammatory cells. (b) Group II at 7 days interval showing odontoblastic layer disorganization. (c) Group II at 15 days interval showing moderate inflammation. (d) Group II at 30 days interval showing disorganized odontoblastic layer with no inflammatory cells](JCD-16-434-g004){#F2}

The data was analyzed by descriptive statistics according to the features observed in each experimental group. Statistics have been done using unpaired *t*-test which showed no significant difference (*P* \< 0.05) for chosen parameters in the study.

DISCUSSION {#sec1-4}
==========

In spite of wide array of materials and techniques, the gold standard material for pulpotomies of primary teeth till today is formocresol, due to its bacteriostatic and superior fixative property and a success rate of 70-90%.\[[@ref6]\] The International Agency for Research on Cancer classified formaldehyde, one of the components of Buckley\'s formocresol as carcinogenic to humans. Concerns have been raised regarding its systemic absorption, increased prevalence of hypoplastic and/or hypomineralization defects and necrosis/sloughing of the tissue when it comes in contact with the gingiva.\[[@ref7]\] Recently the National Institute for Occupational Safety and Health in the United States and the Organization for Economic Cooperation and Development have stated that "formaldehyde is not likely to be a potent carcinogen to humans when used under low exposure conditions."\[[@ref8]\] Therefore, Pulpotec has been selected for this study as it contains formaldehyde at a very low concentration.

Collagen that has a potent hemostatic property and the ability to aggregate platelets, that facilitates wound maturation by enhancing initial blood clot and fibrin linkage formation. It is chemotactic for fibroblasts and improves their migration and attachment through its fibrillar structure. This property may enhance cell migration into the space between collagen membrane and the pulp wound. These collagen fibers are able to induce mineral formation and orient hydroxyapatite crystals.\[[@ref9]\] Considering the above mentioned positive properties, collagen particles (BIOFIL™-AB), impregnated with antibiotics like metronidazole and mupirocin has been selected for the study.

Findings in the specimens treated with collagen particles is a perfect indication of strong vascularization, thus resulting in increased number of fibroblasts and a tendency of forming the granulation tissue. These findings show the regenerative characteristics of collagen and are similar to the study conducted by Marsan *et al*.,\[[@ref9]\] where collagen, bioresorbable membrane (Bio-Gide^®^) was used as a pulp capping material in mongrel dogs. After 6 weeks, the pulp tissue preserved its vitality with a better blood supply in the pulp and an increased number of blood vessels; however, none of the tested samples showed reparatory bridge formation. Thus, the authors stated that collagen bioresorbable membranes showed preservation of the morphology of all histological structures.

In the present study, moderate to severe inflammation is seen in the pulp architecture of samples treated with collagen which has been reduced subsequently. Postlewaithe and Kang\[[@ref2]\] demonstrated that topically placed collagen can initiate wound healing by activating inflammatory cells and promoting increased vascularization of the healing tissue. Formation of dentin bridge with collagen can be considered as a sign of pulp healing. The same findings were noticed when Bimstein and Shoshan\[[@ref10]\] used collagen as a direct pulp capping agent. In 1-month period, the pulp of tested teeth remained vital and a thin, newly created dentinal bridge was found. Fuks *et al*.,\[[@ref11]\] found dentinal bridge formation in 73% of the tested monkey teeth which were subjected to vital amputation, and later treated with collagen solution.

Conversely, studies conducted by Rutherford *et al*.,\[[@ref12]\] tested the pulpal reaction to human osteogenic protein where collagen matrix was used as a carrier. Results showed that human osteogenic protein had good characteristics as a direct pulp capping material, but the collagen matrix itself did not initiate mineralization nor create the dentinal bridge. It has been demonstrated that some kind of a stimulative chemical factor is necessary for the development of protective reaction of traumatized dental pulp, where mere contact with biocompatible nonstimulative matter is not sufficient. Both Bimstein and Shoshan\[[@ref10]\] and Fuks *et al*.,\[[@ref11]\] used an enriched collagen solution which contained some vitamins, amino acids and other nutritive factors; whereas study conducted by Rutherford *et al*.,\[[@ref12]\] used only plain collagen. Thus, the secondary matters are more significant initiators of positive pulp reaction than the collagen itself. Hence, type I collagen particles (fish origin), impregnated with metronidazole are effective against anaerobic infections, mainly gram positive bacteria\[[@ref13]\] and mupirocin shown to be quite effective against *Staphylococcus aureus*\[[@ref14]\] can be considered as promising material for use in pulpotomy procedure, especially in the primary dentition.

In group II, pulp tissue treated with Pulpotec cement showed destruction of odontoblastic cell layer along the dentin walls and moderate inflammation limited to the coronal third of radicular pulp. Chronic inflammatory cell infiltration composed mainly of lymphocytes and plasma cells. The reduced inflammation in Pulpotec group may be attributed to the presence of corticosteroid, dexamethasone, which has a potent anti-inflammatory action. The findings of this study are similar to the study conducted by Khattab *et al*.,\[[@ref15]\] who evaluated the histological response of dental pulp to Pulpotec cement in primary teeth at postoperative intervals of 1, 7, and 14 days. Moderate inflammation limiting to the coronal third of radicular pulp with congestion of the pulp vessels were noticed after 1-day interval. After 7 days, there are areas of pulpal necrosis and 14 days later, increased area of pulpal necrosis with destruction of odontoblastic cell layer and chronic inflammatory cell infiltration was noticed.

Histological evaluation following the usage of Pulpotec cement for pulpotomy procedure by Satygo\[[@ref16]\] revealed three zones next to the pulp-cement interface which is similar to formocresol. Even though the histological findings are similar, usage of Pulpotec cement is advisable when compared to formocresol because of the minimal concentration of formaldehyde as recent research about formaldehyde metabolism, pharmacokinetics, and carcinogenicity indicate that formaldehyde is probably not a potent human carcinogen under conditions of low exposure.\[[@ref8]\]

The synergetic action of other ingredients in the Pulpotec cement like dexamethasone, a potent synthetic member of the glucocorticoid class of steroid drugs has an anti-inflammatory and immunosuppressant property.\[[@ref17]\] Phenol has anti-inflammatory, antiviral, antibacterial, antiatherogenic and anticarcinogenic properties.\[[@ref18]\] Iodoform; a pale yellow, crystalline, volatile substance used as a disinfectant makes it more patient friendly.\[[@ref19]\]

Regeneration of pulp tissue is observed with collagen and devitalization of the pulp tissue with Pulpotec in the present study. Based on the results of this histological study, both collagen and Pulpotec cement showed promising results as a valuable material for use as pulpotomy material especially in primary dentition.

To overcome the shortages of this study; long-term clinical, radiological, and histological studies have to be carried out in large sample size with both infected and healthy pulp tissue to draw proper conclusions. Even though the use of collagen in different forms has been proven in the field of medicine and dentistry, its use as pulpal medicament is very limited. The results of the present study may vary as the pulpal response was noticed after placing the medicaments on healthy pulp rather than compromised pulp tissue.

CONCLUSION {#sec1-5}
==========

Based on the outcome, it may be considered that collagen and Pulpotec cement used for covering the radicular pulp remnant after pulpotomy were proven to be promising alternatives as a pulp medicament. Both the materials were found to be neither toxic nor biologically incompatible. Collagen, the biomaterial known for its excellent wound healing properties, increased vascularization, pulp healing capacity, and biocompatibility is found to be a better alternative to Pulpotec cement.
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